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(54) Title of Invention: Gas Injector and Film Formation Apparatus 
(57) Summary: To provide a gas injector and film formation apparatus that is able to 
form a film at a uniform film thickness across the entire surface of one wafer or a 
plurality of wafers. 

Solution Means: The spray nozzles 80, 81, 105, 107 for the same kind of reaction gas are 
plurally divided in the lengthwise direction, and the reaction gases introduced into the 
interior of the gas injector 51 by the respective spray nozzles are respectively 
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independently caused to flow through the interior of the gas injector 5 1 toward the 
respective corresponding spray nozzles. Then, by respectively controlling the amounts of 
gas introduced into the reaction gas introduction holes 58, 59, 60, 61 formed according to 
the number of spray nozzles, the gas spray amounts from the respective spray nozzles are 
individually controlled. 

58 1 st reaction gas introduction hole 

62 Inert gas introduction hole 

61 2 nd reaction gas introduction hole 



Claims 



Claim 1: A gas injector characterized by the fact that, in a gas injector which is 

constituted by combining 

a top plate on which is formed 

a 1 st reaction gas introduction hole connected with a 1 st reaction gas supply source via 

a 1 st reaction gas introduction tube, 

a 1 st gas conduit for the 1 st reaction gas which communicates with said 1 st reaction gas 
introduction hole. 

a 2 nd reaction gas introduction hole connected with a 2 nd reaction gas supply source 
via a 2 nd reaction gas introduction tube, 

a 2 nd reaction gas conduit for the 2 nd reaction gas which communicates with said 2 nd 
reaction gas introduction hole, 

a 2 nd reaction gas plenum chamber which communicates with said 2 nd reaction gas 
conduit and extends in the lengthwise direction, 

an inert gas introduction hole connected with an inert gas supply source via an inert 
gas introduction tube, 

and a 1 st gas conduit for the inert gas which communicates with said inert gas 
introduction hole; 

a center plate which is stacked and aligned with said top plate and on which is formed 
a 2 nd gas conduit for the 1 st reaction gas which communicates with said 1 st gas conduit 
for the 1 st reaction gas, 

a 2nd gas conduit for the inert gas which communicates with said 1 st gas conduit for 
the inert gas, 

an inert gas plenum chamber which communicates with said 2 nd gas conduit for the 
inert gas and extends in the lengthwise direction, 

and a 2 nd reaction gas spray nozzle which communicates with said 2 nd reaction gas 
plenum chamber and extends in the lengthwise direction; 
a bottom plate which is stacked and aligned with said center plate and on which is formed 
a 3 rd gas conduit for the 1 st reaction gas which communicates with said 2 nd gas 
conduit for the 1 st reaction gas, 

a 1 st reaction gas plenum chamber which communicates with said 3 rd gas conduit for 

the 1 st reaction gas and extends in the lengthwise direction, 

and an inert gas spray nozzle which communicates with said inert gas plenum 

chamber and extends in the lengthwise direction outside said 2 nd reaction gas spray 

nozzle; 
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and a base plate which is stacked and aligned with said bottom plate and on which is 
formed 

a 1 st reaction gas spray nozzle which communicates with said 1 st reaction gas plenum 
chamber and extends in the lengthwise direction outside said inert gas spray nozzle; 
said l sl reaction gas plenum chamber is plurally divided in the lengthwise direction, and, 
corresponding to this divided 1 st reaction gas plenum chamber, said 1 st reaction gas 
introduction tube, said 1 st reaction gas introduction hole, said 1 st gas conduit for the 1 st 
reaction gas, said 2 nd gas conduit for the 1 st reaction gas, said 3 rd gas conduit for the 1 st 
reaction gas, and said 1 st reaction gas spray nozzle are provided; 

said 2 nd reaction gas plenum chamber is plurally divided in the lengthwise direction, and, 
corresponding to this divided 2 nd reaction gas plenum chamber, said 2 nd reaction gas 
introduction tube, said 2 nd reaction gas introduction hole, said 2 nd reaction gas conduit, 
and said 2 nd reaction gas spray nozzle are provided; 

gas flow volume control means are respectively provided in said plurality of 1 st and 2 nd 
reaction gas introduction tubes; and 

the gas flow volumes which are introduced to said plurality of 1 st and 2 nd reaction gas 
introduction holes are respectively controlled through said respective gas flow volume 
control means. 

Claim 2: A gas injector described in Claim 1 , characterized in that said gas flow volume 
control means are manual control valves which manually regulate the distribution ratio of 
the gas flow volumes to said plurality of 1 st and 2 nd reaction gas introduction holes. 

Claim 3: A film formation apparatus, characterized in that, in a film formation apparatus 

which is equipped with 

a support means which supports a wafer; 

a heating means which heats said wafer; 

a top plate on which is formed 

a 1 st reaction gas introduction hole connected with a 1 st reaction gas supply source via 

a 1 st reaction gas introduction tube, 

a 1 st gas conduit for the 1 st reaction gas which communicates with said 1 st reaction gas 
introduction hole, 

a 2 nd reaction gas introduction hole connected with a 2 nd reaction gas supply source 
via a 2 nd reaction gas introduction tube, 

a 2 nd reaction gas conduit which communicates with said 2 nd reaction gas introduction 
hole, 

a 2 nd reaction gas plenum chamber which communicates with said 2 nd reaction gas 
conduit and extends in the lengthwise direction, 

an inert gas introduction hole connected with an inert gas supply source via an inert 
gas introduction tube, and 

a 1 st gas conduit for the inert gas which communicates with said inert gas introduction 
hole; 

a center plate which is stacked and aligned with said top plate and on which is formed 
a 2 nd gas conduit for the l sl reaction gas which communicates with said 1 st gas conduit 
for the 1 st reaction gas, 

a 2 nd gas conduit for the inert gas which communicates with said 1 st gas conduit for 
the inert gas, 
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an inert gas plenum chamber which communicates with said 2 nd gas conduit for the 
inert gas and extends in the lengthwise direction, and 

a 2 nd reaction gas spray nozzle which communicates with said 2 nd reaction gas 
plenum chamber, extends in the lengthwise direction and opposes said wafer; 
a bottom plate which is stacked and aligned with said center plate and on which is formed 
a 3 rd gas conduit for the 1 st reaction gas which communicates with said 2 nd gas 
conduit for the 1 st reaction gas, 

a 1st reaction gas plenum chamber which communicates with said 3 rd gas conduit for 
the 1 st reaction gas and extends in the lengthwise direction, and 
an inert gas spray nozzle which communicates with said inert gas plenum chamber, 
extends in the lengthwise direction outside said 2 nd reaction gas spray nozzle, and 
opposes said wafer; 

and a base plate which is stacked and aligned with said bottom plate and on which is 
formed 

a 1 st reaction gas spray nozzle which communicates with said 1 st reaction gas plenum 
chamber, extends in the lengthwise direction outside said inert gas spray nozzle, and 
opposes said wafer; 

said 1 st reaction gas plenum chamber is plurally divided in the lengthwise direction, and, 
corresponding to this divided 1 st reaction gas plenum chamber, said 1 st reaction gas 
introduction tube, said 1 st reaction gas introduction hole, said 1 st gas conduit for the 1 st 
reaction gas, said 2 nd gas conduit for the 1 st reaction gas, said 3 rd gas conduit for the 1 st 
reaction gas, and said 1 st reaction gas spray nozzle are provided; 

said 2 nd reaction gas plenum chamber is plurally divided in the lengthwise direction, and, 
corresponding to this divided 2 nd reaction gas plenum chamber, said 2 nd reaction gas 
introduction tube, said 2 nd reaction gas introduction hole, said 2 nd reaction gas conduit, 
and said 2 nd reaction gas spray nozzle are provided; and 

gas flow volume control means are respectively provided in said plurality of 1 st and 2 nd 
reaction gas introduction tubes; and 

the gas flow volumes which are introduced to said plurality of 1 st and 2 nd reaction gas 
introduction holes are respectively controlled through said gas flow volume control 
means. 

Claim 4: A film formation apparatus described in Claim 3, characterized in that said gas 
flow volume control means are manual control valves which manually regulate the gas 
flow volume distribution ratio to said plurality of 1 st and 2 nd reaction gas introduction 
holes. 

Claim 5: A film formation apparatus described in Claim 3, characterized in that an 
exhaust tube which exhausts the gases blown onto said wafer by said 1 st reaction gas 
spray nozzle, said 2 nd reaction gas spray nozzle, and said inert gas spray nozzle is 
provided in the vicinity of said gas injector. 

Detailed Explanation of the Invention 
[0001] 

Technical Field of the Invention This invention concerns a gas injector that blows a gas 
which is a material for forming a film on a wafer, in the CVD method, in which a thin 



MVS 

MoslerWord Services 

film is grown on a wafer by means of a chemical vapor; it also concerns a film formation 

apparatus that is equipped with this gas injector. 

[0002] 

Prior Art CVD methods include the atmospheric pressure CVD method, the reduced 
pressure CVD method, the plasma CVD method, and the optical CVD method. These 
methods are used in fields of application appropriate to their respective characteristics. 
Among these, the atmospheric pressure CVD method does not require a vacuum 
apparatus, etc., so the structure of this apparatus is relatively simple. 
[0003] Fig. 16 shows an example of an atmospheric pressure CVD apparatus. For 
example, wafers la, lb with a diameter of six inches are loaded onto a belt conveyor 2, so 
that they are aligned in two rows along the transport direction A. The wafers la, lb are 
heated from below to approximately 400°C by a heater 3. Three gas injectors 4 are 
provided in such a way that they are aligned along the transport direction A above the 
center of the belt conveyor 2. The lower surfaces of these gas injectors are placed facing 
the belt conveyor 2 with a gap between them and the belt conveyor, so that they do not 
interfere with the passing of the wafers la, lb. 

[0004] A hydride reaction gas, such as SiHU or PH3, as the 1 st reaction gas, O2 gas as the 
2 nd reaction gas, and an inert gas (N 2 gas), which separates the 1 st reaction gas and the 2 nd 
reaction gas and adjusts the reaction positions of these reaction gases, are blown from the 
lower surfaces of the gas injectors 4. Decomposition and chemical reactions are caused 
on the heated wafers la, lb, and an SiC>2 film is accumulated and formed on the wafers 
la, lb. The respective gases are fed into the gas injectors 4 from the gas input tubes 5, 6, 
7 connected to the upper surfaces of the gas injectors 4, and they are blown out from gas 
spray nozzles formed on the lower surfaces corresponding with the respective gases. 
[0005] Gas flow volume control means (MFC: mass flow controller) 8 for adjusting the 
gas flow volume are respectively provided on the 1 st reaction gas input tube 5. the 2 nd 
reaction gas input tube 7 and the N2 gas input tube 6. 

[0006] The gas injectors 4 have, for example, the configuration shown in Unexamined 
Patent Application Publication No. HEI10[1998]-312997, and this gas injector 4 
configuration will be explained next, referring to Figs. 13 through 15. 
[0007] Fig. 13 is a top view of the gas injector 4, Fig 14 is a cross sectional drawing 
along line [14]-[14] of Fig. 13, and Fig. 15 is a cross sectional drawing along line [15]- 
[15] of Fig. 14. 

[0008] The gas injector 4 is configured by combining a base plate 9, a bottom plate 10, a 
center plate 1 1 and a top plate 12 stacked in sequence from the bottom. The respective 
plates are fastened together with bolts. 
[0009] First, the top plate 12 will be explained. 

[0010] As shown in Fig. 13, three gas introduction holes, a 1 st reaction gas introduction 
hole 13, a 2 nd reaction gas introduction hole 14, and an N2 gas introduction hole 15, are 
formed in the vicinity of the center portion of the upper surface of the top plate 12 
[001 1] As shown in Fig. 14, the 1 st reaction gas introduction hole 13 connects with the 1 st 
reaction gas introduction tube 5 that is connected with the 1 st reaction gas supply source, 
the 2 nd reaction gas introduction hole 14 connects with the 2 nd reaction gas introduction 
tube 7 that connects with the 2 nd reaction gas supply source, and the N 2 gas introduction 
hole 15 connects with the N2 gas introduction tube 6. which connects with the N 2 gas 
supply source. 
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[0012] The 1 st reaction gas introduction hole 13 communicates with the 1 st gas conduit 16 
for the 1 st reaction gas, which is formed in the top plate 12. The 1 st gas conduit 16 for the 
1 st reaction gas consists of an L-shaped gas conduit 16a which communicates with the 1 st 
reaction gas introduction hole 13, a gas conduit 16b which communicates with this gas 
conduit 16a and extends along the lengthwise direction, two gas conduits 16c which 
respectively communicate with both ends of this gas conduit 16b and extend along the 
short direction, and four gas conduits 16d which respectively communicate with both 
ends of these gas conduits 16c, extend in the downward direction, and go through the 
lower surface of the top plate 12. 

[0013] The 2 nd reaction gas introduction hole 14 communicates with the 2 nd reaction gas 
conduit 17 formed in the top plate 12. This 2 nd reaction gas conduit 17 consists of an L- 
shaped gas conduit 1 7a that communicates with the 2 nd reaction gas introduction hole 14, 
a gas conduit 17b which communicates with this gas conduit 17a and extends along the 
lengthwise direction, two gas conduits 1 7c which respectively communicate with both 
ends of this gas conduit 1 7b and extend in the short direction, and four gas conduits 1 7d 
which respectively communicate with both ends of these gas conduits 17c, and extend in 
the downward direction. 

[0014] As shown in Fig. 14, the gas conduits 17d are respectively provided in a depressed 
manner along the lengthwise direction from the bottom surface of the top plate, and they 
communicate with two 2 nd reaction gas plenum chambers 18 which form a space with the 
upper surface of the center plate 1 1 which extends in the lengthwise direction via a gas 
conduit 19 formed between the upper surface of the center plate 1 1 and the lower end of 
the top plate 12. 

[0015] As shown in Fig. 15, the 2 nd reaction gas plenum chamber 18 is formed as a 
continuous space along the lengthwise direction. 

[0016] The N 2 gas introduction hole 15 communicates with the l sl gas conduit 20 for the 
N 2 gas formed in the top plate 12. The 1 st gas conduit 20 for the N 2 gas consists of a gas 
conduit 20a that communicates with the N 2 gas introduction hole 15, a gas conduit 20b 
that communicates with this gas conduit 20a and extends along the lengthwise direction, 
two gas conduits 20c that respectively communicate with both ends of this gas conduit 
20b and extend along the short direction, and four gas conduits 20d that respectively 
communicate with both ends of these two gas conduits 20c, extend in the downward 
direction, and go through the lower surface of the top plate. 
[001 7] Next, the center plate 1 1 will be explained. 

[0018] As shown in Fig. 14, a 2 nd gas conduit 21 for the 1 st reaction gas is formed on the 
center plate 1 1 in such a way that it penetrates through the center plate in the vertical 
direction. 

[0019] In addition, the 2 nd reaction gas spray nozzle 23 is formed, at the center portion of 
the center plate 1 1 by means of mutually opposing vertical wall portions 22 that extend 
along the lengthwise direction. The 2 nd reaction gas spray nozzle 23 opens along a 
direction that is perpendicular to the wafer transport direction A, extends to the lower end 
of the base plate 9, and opposes the wafers la, lb of both the front side row and the back 
side row. 

[0020] In addition, the 2 nd gas conduit 24 for N 2 gas is formed on the center plate 1 1 in 
such a way that it penetrates through the center plate in the vertical direction. Then, the 
2 nd gas conduit 24 for the N 2 gas is provided in a depressed manner along the lengthwise 
direction from the lower surface side of the center plate 1 1 , and it communicates via a gas 
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conduit 26 with two N2 gas plenum chambers 25 which form a space with the upper 
surface of the bottom plate 1 0 that extends in the lengthwise direction. As shown in Fig. 
15, the N 2 gas plenum chamber 25 is formed as a continuous space in the lengthwise 
direction. 

[0021] Also, the top plate 1 2 and the center plate 1 1 are stacked and aligned so that the 
four gas conduits 16d are caused to communicate with the four gas conduits 21 that 
correspond to them the four gas conduits 20d are caused to communicate with the four 
gas conduits 24d that correspond to them and the 2 nd reaction gas plenum chamber 1 8 is 
caused to communicate with the 2 nd reaction gas spray nozzle 23. The 2 nd reaction gas 
plenum chamber 18 and the 2 nd reaction gas spray nozzle 23 communicate via a gas 
conduit 27 that is formed between the lower surface of the top plate 12 and the upper 
surface of the center plate 1 1 and extends in the lengthwise direction. 
[0022] Next, the bottom plate 10 will be explained. 

[0023] As shown in Fig. 14, a 3 rd gas conduit 28 for the 1 st reaction gas is formed on the 
bottom plate 10 in such a way that it penetrates through the bottom plate in the vertical 
direction. Four 3 rd gas conduits 28 for the 1 st reaction gas are formed to correspond to the 
four 2 nd gas conduits 21 for the reaction gas formed in the center plate 1 1 . 
[0024] The 3 rd gas conduits 28 for the 1 st reaction gas are respectively provided in a 
depressed manner in the lengthwise direction from the lower surface side of the bottom 
plate 1 0, and they communicate via gas conduits 30 with two 1 st reaction gas plenum 
chambers 29 which form a space with the upper surface of the base plate 9 which extends 
in the lengthwise direction. 

[0025] As shown in Fig. 15, a 1 st reaction gas plenum chamber 29 forms a continuous 
space in the lengthwise direction. 

[0026] In addition, mutually opposing vertical wall portions 3 1 which extend in the 
lengthwise direction in such a way as to flank the 2 nd reaction gas spray nozzle 23 are 
formed on the center portion of the bottom plate 1 0, and an N 2 gas spray nozzle 32 is 
formed between the vertical wall portions 22 formed in the center plate 1 1 . This N 2 gas 
spray nozzle 32 is formed in a rectangular ring shape in such a way that it surrounds the 
2" reaction gas spray nozzle, it opens in a direction perpendicular to the wafer transport 
direction A, it extends to the lower end of the base plate 9, it opposes the wafers la, lb of 
both the front side row and the back side row. 

[0027] The center plate 1 1 and the bottom plate 10 are stacked and aligned so that the 2 nd 
gas conduit 21 for the 1 st reaction gas is caused to communicate with the 3rd gas conduit 
28 for the 1 st reaction gas, and the N 2 gas plenum chamber 25 is caused to communicate 
with the N 2 gas spray nozzle 33. The N 2 gas plenum chamber 25 and the N 2 gas spray 
nozzle 32 communicate via a gas conduit 33 which is formed between the bottom surface 
of the center plate 1 1 and the upper surface of the bottom plate 10 and extends in the 
lengthwise direction. 

[0028] Next, the base plate 9 will be explained. 

[0029] As shown in Fig. 14, mutually opposing vertical wall portions 34 which extend in 
the lengthwise direction so as to flank the N 2 gas spray nozzle 32 are formed in the center 
portion of the base plate 9 ? and a 1 st reaction gas spray nozzle 35 is formed between the 
vertical wall portions 3 1 formed in the bottom plate 10. This 1 st reaction gas spray nozzle 
35 is formed in a rectangular ring shape in such a way that it surrounds the N 2 gas spray 
nozzle 32, it opens along a direction perpendicular to the wafer transport direction A, it 
causes the 2 nd reaction gas spray nozzle 23 and the N 2 gas spray nozzle 32 to match up at 
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the lower ends, and it opposes the wafers la, lb of both the front side row and the back 
side row. 

[0030] In addition, a cooling water conduit 36 is formed on the base plate 9; this conduit 
36 is connected with cooling water piping which is not shown in the diagram. 
[003 1 ] The bottom plate 10 and the base plate 9 are stacked and aligned so that the 1 st 
reaction gas plenum chamber 29 is caused to communicate with the 1 st reaction gas spray 
nozzle 35. The 1 st reaction gas plenum chamber 29 and the 1 st reaction gas spray nozzle 
35 communicate via a gas conduit 37 which is formed between the lower surface of the 
bottom plate 10 and the upper surface of the base plate 9 and extends in the lengthwise 
direction. 

[0032] Conventional gas injectors 4 and film formation apparatuses are configured in the 

above way, and their operation will be explained next. 

[0033] First, the flow of the 1 st reaction gas (hydride gas) will be explained. 

[0034] From the 1 st reaction gas input tube 5, the 1 st reaction gas input to the l sl reaction 

gas input hole 13 formed in the upper surface of the top plate 12 flows through the gas 

conduits 16a-16d formed in the top plate 12, gas conduit 21 formed in the center plate 1 1 , 

and gas conduits 28, 30 formed in the bottom plate 10, and reaches the 1 st reaction gas 

plenum chamber 29. 

[0035] Then, it is divided in the lengthwise direction in the 1 st reaction gas plenum 
chamber 29, passes through gas conduit 37, and is sprayed from the 1 st reaction gas spray 
nozzle 35 onto the wafers 16a, 16b of both the front side row and the back side row in Fig. 
16. 

[0036] Next, the flow of the 2 nd reaction gas (0 2 gas) will be explained. 
[0037] From the 2 nd reaction gas input tube 7, the 2 nd reaction gas, which is introduced to 
the 2 nd reaction gas input hole 14 formed in the upper surface of the top plate 12, flows 
through the gas conduits 17a-17d, 19 formed in the top plate 12, and reaches the 2 nd 
reaction gas plenum chamber 1 8. 

[0038] Then, it is divided in the lengthwise direction in the 2 nd reaction gas plenum 
chamber 18, passes through gas conduit 27, and is sprayed from the 2 nd reaction gas spray 
nozzle 23 onto the wafers la, lb of both the front side row and the back side row. 
[0039] Next, the flow of the N 2 gas will be explained. 

[0040] From the N 2 gas introduction tube 6, the N 2 gas introduction to the N 2 gas 
introduction hole 1 5 formed in the upper surface of the top plate 12 flows through the gas 
conduits 20a-20d formed in the top plate 12 and through the gas conduits 24, 26 formed 
in the center plate 1 1 , and reaches the N 2 gas plenum chamber 25. 
[0041] Then it is divided in the lengthwise direction in the N 2 gas plenum chamber 25, 
passes through gas conduit 33, and is sprayed from the N 2 gas spray nozzle 32 onto the 
wafers la, lb of both the front side row and the back side row. 
[0042] 

Problems To Be Solved by the Invention In this type of gas injector 4, a gas which is 
introduced via piping with a relatively small diameter is ultimately dispersed and blown 
out in the lengthwise direction, so the gas forms a complex flow within the gas injector 4. 
Furthermore, due to such factors as the way the four plates are combined and the 
accuracy of assembly, the gas flow in the gas injector 4 becomes intermittent and 
spatially non-uniform, and the respective reaction gases are not sprayed evenly in the 
lengthwise direction of the respective spray nozzles. Therefore, in the wafers la of the 
front side row and the wafers lb of the back side row, the reaction volume of the 1 st 
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reaction gas and the 2 nd reaction gas becomes non-uniform, and variations are produced 
in the accumulated film thickness. In a conventional gas injector 4, since there is only one 
gas conduit for the respective reaction gases inside the gas injector, it was not possible to 
individually adjust the gas flows of the front side and the back side of the respective gas 
spray nozzles. Therefore, for example, even if the difference in film thickness was several 
nm ? it was not considered to be a problem up to now. In recent years, however, the 
miniaturization of semiconductors has advanced, and this slight disparity of several nm of 
film thickness has come to have an effect on the pattern width formed by the lithography 
process, which is performed after the film formation process. 

[0043] The present invention takes the aforementioned problems into account and has as 
its purpose the provision of a gas injector and a film formation apparatus that are capable 
of film formation at a uniform film thickness across the entire surface of a single wafer or 
of a plurality of wafers. 
[0044] 

Means of Solving the Problems To solve these problems, the gas injector of the present 
invention is such that a 1 st reaction gas plenum chamber is plurally divided - in the 
lengthwise direction, and, corresponding to this divided 1 st reaction gas plenum chamber, 
a 1 st reaction gas introduction tube which connects with a 1 st reaction gas supply source, a 
1 st reaction gas introduction hole which connects with this 1 st reaction gas introduction 
tube, a 1 st gas conduit for the l sl reaction gas which communicates with this 1 st reaction 
gas introduction hole, a 2 nd gas conduit for the 1 st reaction gas which communicates with 
this 1 st gas conduit for the 1 st reaction gas ; a 3 rd gas conduit for the 1 st reaction gas which 
communicates with this 2 nd gas conduit for the 1 st reaction gas and the 1 st reaction gas 
plenum chamber, and a l sl reaction gas spray nozzle which communicates with the 1 st 
reaction gas plenum chamber are provided. The 2 nd reaction gas plenum chamber is 
plurally divided in the lengthwise direction, and, corresponding to this divided 2 nd 
reaction gas plenum chamber, a 2 nd reaction gas input tube which connects with the 2 nd 
reaction gas supply source, a 2 nd reaction gas input hole which connects with the 2 nd 
reaction gas input tube, a 2 nd reaction gas conduit which communicates with this 2 nd 
reaction gas introduction hole and the 2 nd reaction gas plenum chamber, and a 2 nd 
reaction gas spray nozzle which communicates with the 2 nd reaction gas plenum chamber 
are provided. Gas flow volume control means are respectively provided in the plurality of 
1 st and 2 nd reaction gas introduction tubes, and the gas flow volumes which are 
introduced into the plurality of 1 st and 2 nd reaction gas introduction holes are respectively 
controlled through these respective gas flow volume control means. 
[0045] Also, the film formation apparatus of the present invention is such that it is 
equipped with a support means, which supports a wafer, a heating means which heats the 
wafer, and a gas injector, which blows gas onto the wafer. This gas injector is such that a 
1 st reaction gas plenum chamber is plurally divided in the lengthwise direction, and, 
corresponding to this divided 1 st reaction gas plenum chamber, a 1 st reaction gas 
introduction tube which connects with a 1 st reaction gas supply source, a 1 st reaction gas 
introduction hole which connects with a 1 st reaction gas supply source, a 1 st reaction gas 
introduction hole - which connects with this l sl reaction gas introduction tube, a 1 st gas 
conduit for the l bt reaction gas which communicates with this 1 st reaction gas introduction 
hole, a 2 nd gas conduit for the 1 st reaction gas which communicates with this 1 st gas 
conduit for the 1 st reaction gas, a 3 rd gas conduit for the 1 st reaction gas which 
communicates with this 2 nd gas conduit for the 1 st reaction gas and the 1 st reaction gas 
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plenum chamber, and a 1 st reaction gas spray nozzle that communicates with the l sl 
reaction gas plenum chamber and opposes the wafer are provided. The 2 nd reaction gas 
plenum chamber is plurally divided in the lengthwise direction, and, corresponding to this 
divided 2 nd reaction gas plenum chamber, a 2 nd reaction gas introduction tube which 
connects with the 2 n reaction gas supply source, a 2 nd reaction gas introduction hole 
which connects with this 2 nd reaction gas introduction tube, a 2 nd reaction gas conduit 
which communicates with this 2 nd reaction gas introduction hole and the 2 nd reaction gas 
plenum chamber, and a 2 nd reaction gas spray nozzle which communicates with the 2 nd 
reaction gas plenum chamber and opposes the. wafer are provided. Gas flow volume 
control means are respectively provided in the plurality of 1 st and 2 nd reaction gas 
introduction tubes. The gas flow volumes that are introducted to the plurality of 1 st and 
2 nd reaction gas introduction holes are respectively controlled through these respective 
gas flow volume control means. 

[0046] That is, in the present invention, spray nozzles for the same kind of reaction gas 
are plurally divided in the lengthwise direction, and the reaction gases introduced into the 
interior of the gas injector to correspond to the respective spray nozzles respectively 
independently flow through the interior of the gas injector toward the respective 
corresponding spray nozzles. Therefore, the gas spray volumes from the respective spray 
nozzles are individually controlled by respectively controlling the gas input volumes 
going to the reaction gas input holes formed according to the number of spray nozzles. 
Therefore, the gas spray volumes from the respective spray nozzles are individually 
controlled by respectively controlling the gas input volumes going to the reaction gas 
input holes formed according to the number of spray nozzles. 
[0047] 

Embodiments of the Invention Embodiments of the present invention will be explained 
below, referring to the drawings. 

[0048] Fig. 1 is a perspective view that gives a partial cross section of the gas injector 51 
resulting from the present invention, Fig. 2 is a top view, Fig. 3 is a bottom view, Fig. 4 is 
a cross sectional drawing along line [4]-[4]. of Fig. 2, Fig. 5 is a cross section drawing 
along line [5]-[5] in Fig. 4, Fig. 6 is a cross sectional drawing along line [6]-[6] of Fig. 4, 
Fig. 7 is a cross sectional drawing along line [7]-[7] of Fig. 4, and Fig. 8 is a cross 
sectional drawing along line [8]-[8]of Fig. 5. 

[0049] The gas injector 5 1 of this embodiment is constituted by assembling a base plate 
52, a bottom plate 53, a center plate 54, and a top plate 55 stacked in order from the 
bottom. The respective plates are tightly secured to each other by threading nuts 57 on 
bolts 56 that have been inserted through from the base plate 52 side at the upper surface 
of the top plate 55. 

[0050] First, the top plate 55 will be explained. 

[0051] As shown in Fig. 2, two 1 st reaction gas introduction holes 58, 59, two 2 nd reaction 
gas introduction holes 60, 61 and one inert gas introduction hole 62 are formed in the 
vicinity of the center portion of the upper surface of the top plate 55. 
[0052] As shown in Fig. 1, the 1 st reaction gas introduction hole 59 communicates with 
the 1 st gas conduit for the l sl reaction gas formed in the top plate 55. The 1 st gas conduit 
63 for the 1 st reaction gas consists of an L-shaped gas conduit 63 a, which communicates 
with the 1 st gas introduction hole 59, a gas conduit 63b which communicates with this gas 
conduit 63a and extends along the lengthwise direction toward the back side, a gas 
conduit 63c - which communicates with this gas conduit 63b and extends in the short 
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direction, and two gas conduits 63d which respectively communicate with both ends of 
this gas conduit 63 c, extend downward, and go through the bottom surface of the top 
plate 55. 

[0053] Another 1 st reaction gas introduction hole 58 communicates with the 1 st gas 
conduit 64 for the 1 st reaction gas formed in the top plate 55 independently of the 
aforementioned 1 st gas conduit 63 for the 1 st reaction gas. The 1 st gas conduit 64 for the 
1 st reaction gas consists of an L-shaped gas conduit 64a, which communicates with the 1 st 
gas introduction hole 58, a gas conduit 64b which communicates with this gas conduit 
64a and extends in the lengthwise direction toward the front side, a gas conduit 64c 
which communicates with this gas conduit 64b and extends in the short direction, and 
two gas conduits 64d which respectively communicate with both ends of this gas conduit 
64c, extend downward, and go through the bottom surface of the top plate 55. 
[0054] The 1 st reaction gas introduction hole 58 connects to the 1 st reaction gas 
introduction tube 65 (shown in Fig. 4), which connects to the 1 st reaction gas (a - hydride 
gas such as SiFL* or PH 3 ) supply source. In the same way, another 1 st reaction gas 
introduction hole 59 also connects to the 1 st reaction gas supply source via a 1 st reaction 
gas supply tube which is separate from the above 1 st reaction gas supply tube 65. 
[0055] As shown in Fig. 1, the 2 nd reaction gas introduction hole 61 communicates with 
the 2 nd reaction gas conduit 66 formed in the top plate 55. The 2 nd reaction gas conduit 66 
consists of an L-shaped gas conduit 66a which communicates with a 2 nd reaction gas 
introduction hole 61, a gas conduit 66b which communicates with this gas conduit 66a 
and extends in the lengthwise direction toward the back side, a gas conduit 66c which 
communicates with this gas conduit 66b and extends in the short direction, and two gas 
conduits 66d that respectively communicate with both ends of this gas conduit 66c and 
extend downward. 

[0056] Another 2 nd reaction gas introduction hole 60 communicates with the 2 nd reaction 
gas conduit 67 formed in the top plate 55 independently of the aforementioned 2 nd 
reaction gas conduit 66. As is also explained with reference to Fig. 4, the 2 nd reaction gas 
conduit 67 consists of an L-shaped gas conduit 67a, which communicates with the 2 nd 
reaction gas introduction hole 60, a gas conduit 67b which communicates with this gas 
conduit 67a and extends in the lengthwise direction toward the front side, a gas conduit 
67c which communicates with this gas conduit 67b and extends in the short direction, 
and two gas conduits 67d which respectively communicate with both ends of this gas 
conduit 67c and extend downward. 

[0057] As shown in Fig. 4, two gas conduits 67d are respectively provided in a depressed 
manner in the lengthwise direction from the lower surface side of the top plate 55; they 
communicate with two 2 nd reaction gas plenum chambers 68 which form a space with the 
upper surface of the center plate 54 which extends in the lengthwise direction via a gas 
conduit 69 formed between the upper surface of the center plate 54 and the lower end of 
the top plate 55. 

[0058] With respect to gas conduit 66d as well, as shown in Fig. 1, these are respectively 
provided in a depressed manner in the lengthwise direction from the lower surface side of 
the top plate 55, and they communicate with two 2 nd reaction gas plenum chambers 70 (in 
Fig. 1, only one of the 2 nd reaction gas plenum chambers is shown) which form a space 
with the upper surface of the center plate 54 which extends in the lengthwise direction via 
a gas conduit 71 formed between the upper surface of the center plate 54 and the lower 
end of the top plate 55. 
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[0059] As shown in Fig. 5, which is a cross sectional diagram in the direction of the [5]- 
[5] line in Fig. 4, 2 nd reaction gas plenum chamber 68 and 2 nd reaction gas plenum 
chamber 70 are separated by a partition 72 that extends downward from the top plate 55 
and that comes into contact with the upper surface of the center plate 54. 
[0060] As shown in Fig. 5, the 2 nd reaction gas introduction hole 60 comes into contact 
with a 2 nd reaction gas introduction tube 73 which connects with the supply source of the 
2 nd reaction gas (for example, 0 2 gas). In the same way, another 2 nd reaction gas 
introduction hole 61 is also connected to the supply source of the 2 nd reaction gas via a 
2 nd reaction gas introduction tube 74 which is separate from the above 2 nd reaction gas 
introduction tube 73. 

[0061] As shown in Fig. 1 , an inert gas which hole 62 communicates with a 1 st gas 
conduit 75 for the inert gas formed in the top plate 55. The 1 st gas conduit 75 for the inert 
gas consists of a gas conduit 75a, which communicates with the inert gas introduction 
hole 62, a gas conduit 75b which communicates with this gas conduit 75a and extends - in 
the lengthwise direction, two gas conduits 75c which respectively communicate with both 
ends of this gas conduit 75b and extend in the short direction, and four gas conduits 75d 
which respectively communicate with both ends of these two gas conduits 75c, extend 
downward, and go through the lower surface of the top plate 55. 

[0062] The inert gas introduction hole 62 connects with the inert gas introduction tube 76 
(shown in Fig. 4), which connects with an inert gas (for example, N 2 gas) supply source. 
[0063] Next the center plate 54 will be explained. 

[0064] As shown in Figs. 1 and 4, 2 nd gas conduits 77, 78 for the 1 st reaction gas are 
formed in the center plate 54 in such a way as to go through it in the vertical direction. 
Two 2 nd gas conduits 77 for the 1 st reaction gas are formed to correspond to the two gas 
conduits 63d formed in the top plate 55, and two 2 nd gas conduits 78 for the 1 st reaction 
gas are formed to correspond to the two gas conduits 64d formed in the top plate 55. 
[0065] In addition, as shown in Fig. 4, a 2 nd reaction gas spray nozzle 80 is formed in the 
center portion of the center plate 54 by means of mutually opposing vertical wall portions 
79 which extend in the lengthwise direction. As shown in Figs. 1, 3 and 7, this 2 
reaction gas spray nozzle 80 is separated from another 2 nd reaction gas spray nozzle 81 
formed in the same way by means of a partition 83 that extends from the top plate 55 to 
the lower end of the base plate 52. 

[0066] In addition, a 2 nd gas conduit 84 for N 2 gas is formed in the center plate 54 in such 
a way as to go through it in the vertical direction. Four 2 nd gas conduits 84 for N 2 gas are 
formed to correspond to the four gas conduits 75d formed in the top plate 55. 
[0067] In addition, as shown in Figs. 1 and 4, the 2 nd gas conduit 84 for N 2 gas is 
provided in a depressed manner in the lengthwise direction from the lower surface side of 
the center plate 54, and it communicates with two N 2 gas plenum chambers 85 which 
form a space with the upper surface of the bottom plate 53 which extends in the 
lengthwise direction via a gas conduit 86. 

[0068] As shown in Fig. 5, the N 2 gas plenum chamber 85 is formed as a continuous 
space in the lengthwise direction. 

[0069] In addition, the top plate 55 and the center plate 54 are stacked and aligned in such 
a way that the 1 st gas conduit 63d for the l sl reaction gas is caused to communicate with 
the 2 nd gas conduit 77 for the 1 st reaction gas, the 1 st reaction gas conduit 64d for the 1 st 
reaction gas is caused to communicate with the 2 nd gas conduit 78 for the 1 st reaction gas, 
the 1 st gas conduit 75d for N 2 gas is caused to communicate with the 2 nd gas conduit 84 
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for N 2 gas, the 2 nd reaction gas plenum chamber 68 is caused to communicate with 2 nd 
reaction gas spray nozzle 80, and the 2 nd reaction gas plenum chamber 70 is caused to 
communicate with 2 nd reaction gas spray nozzle 81. The 2 nd reaction gas plenum chamber 
68 and the 2 nd reaction gas spray nozzle 80 communicate via a gas conduit 87 which is 
formed between the lower surface of the top plate 55 and the upper surface of the center 
plate 54 and extends in the lengthwise direction. In the same way, the 2 nd reaction gas 
plenum chamber 70 and the 2 n reaction gas spray nozzle 81 communicate via a gas 
conduit 88. 

[0070] As shown in Fig. 6, which is a cross sectional drawing along line [6]-[6] in Fig.4 5 
four 1 st reaction gas seal rings 89, four N 2 gas seal rings 90 and two 2 nd reaction gas seal 
rings 91 are interposed between the top plate 55 and the center plate 54 for the purpose of 
preventing gas leakage. 

[0071] Next, the bottom plate 53 will be explained. 

[0072] As shown in Figs. 1 and 4, third gas conduits 92, 93 for the 1 st reaction gas are 
formed in the bottom plate 53; they penetrate through it in the vertical direction. Two 3 rd 
gas conduits 92 for the 1 st reaction gas are formed corresponding to the two gas conduits 
78 formed in the center plate 54, and two 3 rd gas conduits 93 for the 1 st reaction gas are 
formed corresponding to the two gas conduits 77 formed in the center plate 54. 
[0073] Of these, as shown in Fig. 4, the respective 3 rd gas conduits 92 for the 1 st reaction 
gas are provided in a depressed manner in the lengthwise direction from the lower surface 
side of the bottom plate 53, and communicate via a gas conduit 95 with two 1 st reaction 
gas plenum chambers 94 which form a space with the upper surface of the base plate 52 
that extends in the lengthwise direction. 

[0074] As shown in Fig. 1, the other respective 3 rd gas conduits 93 for the 1 st reaction gas 
are provided in a depressed manner along the lengthwise direction from the lower surface 
side of the bottom plate 53; they communicate via a gas conduit 97 with two 1 st reaction 
gas plenum chambers 96 (only one of the 1 st reaction gas plenum chambers is shown in 
Fig. 1 ) which form a space with the upper surface of the base plate 52 which extends in 
the lengthwise direction. 

[0075] As shown in Fig. 5, the l sl reaction gas plenum chamber 94 and the 1 st reaction 
gas plenum chamber 96 are separated by means of a partition 98 which extends 
downward from the bottom plate 53 and comes into contact with the upper surface of the 
base plate 52. 

[0076] In addition, as shown in Fig. 4, mutually opposing vertical wall portions 99 which 
extend along the lengthwise direction in such a way as to flank the 2 nd reaction gas spray 
nozzles 80, 81 are formed in the center portion of the bottom plate 53, and an N 2 gas 
spray nozzle 100 is formed between the vertical wall portions 79 formed in the center 
plate 54. As shown in Fig. 3, this N 2 gas spray nozzle 100 is formed in a rectangular ring 
shape in such a way that it surrounds the 2 nd reaction gas spray nozzles 80, 81. 
[0077] Also, the center plate 54 and the bottom plate 53 are stacked and aligned in such a 
way that the 2 nd gas conduit 78 for the 1 st reaction gas is caused to communicate with the 
3 rd gas conduit 92 for the 1 st reaction gas, the 2 nd gas conduit 77 for the 1 st reaction gas is 
caused to communicate with the 3 rd gas conduit 93 for the 1 st reaction gas, and the N 2 gas 
plenum chamber 85 is caused to communicate with the N 2 gas spray nozzle 100. The N 2 
gas plenum chamber 85 and the N 2 gas spray nozzle 100 communicate via a gas conduit 
101 which is formed between the lower surface of the center plate 54 and the upper 
surface of the bottom plate 53 and extends in the lengthwise direction. 
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[0078] As shown in Fig. 7, which is a cross sectional drawing along line [7]-[7] in Fig. 4, 
four 1 st reaction gas seal rings 102 and one N? gas seal ring 103 are interposed between 
the center plate 54 and the bottom plate 53 for the purpose of preventing gas leakage. 
[0079] Next, the base plate 52 will be explained. 

[0080] As shown in Fig. 4, mutually opposing vertical wall portions 104 which extend 
in the lengthwise direction in such a way as to flank the N2 gas spray nozzles 100 are 
formed in the center portion of the base plate 52, and a 1 st reaction gas spray nozzle 105 
is formed between the vertical wall portions 99 formed in the bottom plate 53. As shown 
in Fig. 3, this 1 st reaction gas spray nozzle 105 is separated from the 1 st reaction gas spray 
nozzle 107 formed in the same way by means of a partition 106 that extends downward 
from the bottom plate 53. Therefore, two 1 st reaction gas spray nozzles 105, 107 are 
respectively formed in a reversed "C" shape. 

[0081] The 1 st reaction gas spray nozzles 105, 107 match up with the 2 nd reaction gas 
spray nozzles 80, 81 and N 2 gas spray nozzle 100 at their respective lower ends. 
[0082] In addition, the cooling water conduit 36 is formed on the base plate 52; this 
conduit 36 is connected with cooling water piping which is not shown in the diagram. 
[0083] Also, the base plate 52 and the bottom plate 53 are stacked and aligned in such a 
way that the 1 st reaction gas plenum chamber 94 is caused to communicate with 1 st 
reaction gas spray nozzle 105, and the 1 st reaction gas plenum chamber 96 is caused to 
communicate with the 1 st reaction gas spray nozzle 107. The 1 st reaction gas plenum 
chamber 94 and the 1 st reaction gas spray nozzle 105 communicate via a gas conduit 108 
which is formed between the lower surface of the bottom plate 53 and the upper surface 
of the base plate 52 that extends in the lengthwise direction. In the same way, the 1 st 
reaction gas plenum chamber 96 and the 1 st reaction gas spray nozzle 107 communicate 
via a gas conduit 109. 

[0084] In addition, two 1 st reaction gas seal rings 110 (shown by the broken lines in Fig. 
3) are interposed between the base plate 52 and the bottom plate 53 for the purpose of 
preventing gas leaks. 

[0085] Fig. 9 shows a schematic drawing of a gas injector 5 1 configured in the following 
way. Gas flow volume control means (electromagnetic valves) 8 are respectively 
provided to the 1 st reaction gas introduction tubes 65, 111, 2 nd reaction gas input tubes 73, 
74 and N2 gas input tube 76, and the gas flow volumes which respectively flow through 
these five input tubes can be individually controlled. 

[0086] In addition, as shown in Fig. 17, an exhaust tube 1 12 is provided in the vicinity of 
the gas injector 51 , and an exhaust fan is connected to this exhaust tube 112. The part of 
the gas that was blown onto the wafers la, lb but has not formed the film is exhausted 
via this exhaust tube 1 12. 

[0087] The film formation apparatus (atmospheric pressure CVD apparatus) resulting 
from this embodiment is equipped with the gas injector 51 discussed above. That is, 
instead of the gas injector 4 shown in Fig. 16, a gas injector 51 with the aforementioned 
configuration is installed. 

[0088] The gas injector 51 and the film formation apparatus resulting from this 
embodiment are configured in the above way, and the operation thereof will be explained 
next. 

[0089] First, the flow of the 1 st reaction gas (hydride group gas) will be explained. 
[0090] From the 1 st reaction gas input tube 65, the 1 st reaction gas, which has been 
introduced to the 1 st reaction gas input hole 58 formed in the upper surface of the top 
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plate 55, flows through the gas conduits 64a-64d formed in the top plate 55, the gas 
conduit 78 formed in the center plate 54, and the gas conduits 92, 95 formed in the 
bottom plate 53 and reaches the l sl reaction gas plenum chamber 94. 
[0091] Then, it is dispersed in the lengthwise direction in the 1 st reaction gas plenum 
chamber 94, passes through the gas conduit 108, and is sprayed from the 1 st reaction gas 
spray nozzle 105 onto the wafers la in the front side row which opposes this 1 st reaction 
gas spray nozzle 105. 

[0092] In the same way, from the other 1 st reaction gas introduction tube, the 1 st reaction 
gas, which has been introduced to the 1 st reaction gas introduction hole 59 formed in the 
upper surface of the top plate 55, flows through the gas conduits 63a-63d formed in the 
top plate 55, the gas conduit 77 formed in the center plate 54, and the gas conduits 93, 97 
formed in the bottom plate 53 and reaches the 1 st reaction gas plenum chamber 96. 
[0093] Then, it is dispersed in the lengthwise direction in the 1 st reaction gas plenum 
chamber 96, passes through the gas conduit 109, and is sprayed from the 1 st reaction gas 
spray nozzle 107 onto the wafers lb in the back side row that opposes this 1 st reaction gas 
spray nozzle 107. 

[0094] Next, the flow of the 2 nd reaction gas (O2 gas) will be explained. 
[0095] From the 2 nd reaction gas input tube 73, the 2 nd reaction gas, which has been input 
to the 2 nd reaction gas input hole 60 formed in the upper surface of the top plate 55, flows 
through the gas conduits 67a-67d, 69 formed in the top plate 55, and reaches the 2 nd 
reaction gas plenum chamber 68. 

[0096] Then, it is dispersed in the lengthwise direction in 2 nd reaction gas plenum 
chamber 68, passes through the gas conduit 87, and is sprayed from the 2 nd reaction gas 
spray nozzle 80 onto the wafers la in the front side row that opposes this 2 nd reaction gas 
spray nozzle 80. 

[0097] In the same way, from the 2 nd reaction gas introduction tube 74, the 2 nd reaction 
gas, which has been introduced to the 2 nd reaction gas introduction hole 61 formed in the 
upper surface of the top plate 55, flows through gas conduits 66a-66d, 71 formed in the 
top plate 55 and reaches the 2 nd reaction gas plenum chamber 70. 
[0098] Then, it is dispersed in the lengthwise direction in the 2 nd reaction gas plenum 
chamber 70, passes through the gas conduit 88, and is sprayed from the 2 nd reaction gas 
spray nozzle 81 onto the wafers lb in the back side row that opposes this 2 nd reaction gas 
spray nozzle 81. 

[0099] Next, the flow of the N2 gas will be explained. 

[0100] From the N 2 gas introduction tube 76, the N 2 gas, which has been introduced to 
the N 2 gas introduction hole 62 formed in the upper surface of the top plate 55, flows 
through the gas conduits 75a-75d formed in the top plate 55 and the gas conduits 84, 86 
formed in the center plate 54 and reaches the N 2 gas plenum chamber 85. 
[0101] Then, it is dispersed in the lengthwise direction in the N 2 gas plenum chamber 85, 
passes through the gas conduit 101 , and is sprayed from the N 2 gas spray nozzle 100 onto 
the wafers la, lb in the front side row and the back side row that oppose this N 2 gas spray 
nozzle 100. 

[0102] In the above manner, the respective gases are blown onto the wafers la, lb from 
the respective spray nozzles, they disperse and react on the heated wafers la, lb, and an 
Si0 2 film is formed. Then, the respective gas spray nozzles of the 1 st and 2 nd reaction 
gases are divided in two for the front side wafers la and the back side wafers lb, and then 
the 1 st and 2 nd reaction gases independently flow through the interior of the gas injector 
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51 to the respective gas spray nozzles. Therefore, by adjusting each of the four 
independent flows of the 1 st and 2 nd reaction gases, that is, the gas input volumes going to 
the four gas input holes 58, 59, 60, 61 respectively, using a gas flow volume control 
means 8, the spray volumes from the respective gas spray nozzles can be made such that 
they do not become non-uniform on the front side and the back side and so that 
variations are not produced in the thickness of the film formed on the front side wafers 1 a 
and the back side wafers lb. 

[0103] Next, a second embodiment of the present invention will be explained. Note that 
the same codes will be assigned to the same structural portions as in the first embodiment, 
and the details thereof will be omitted. 

[0104] The gas injector 120 resulting from this embodiment is shown in Fig. 10. This gas 
injector 120 differs from the gas injector 51 of the above first embodiment only in the 
configuration of the 1 st and 2 nd reaction gas introduction tubes and the gas flow volume 
control means provided thereon. 

[0105] The 1 st reaction gas introduction tube 121 consists of a common tube 121a which 
connects with the 1 st reaction gas supply source and two branching tubes 121b, 121c 
connected to this common tube 121a via the gas flow volume control means 123. The two 
branching tubes 121b, 121c respectively connect to the 1 st reaction gas introduction holes 
58, 59 formed in the upper surface of the top plate 55. 

[0106] In the same way, the 2 nd reaction gas introduction tube 122 consists of a common 
tube 122a which connects with the 2 nd reaction gas supply source and the two branching 
tubes 122b, 122c connected to this common tube 122a via gas flow volume control 
means 123. The two branching tubes 122b, 122c respectively connect to the 2 nd reaction 
gas introduction holes 60, 61 formed in the upper surface of the top plate 55. 
[0107] The gas flow control means 123 are manual control valves and both have the same 
configuration, so only one of the manual control valves 123 will be explained, with 
reference to Figs. 1 1 and 12. Fig. 1 1 shows a horizontal cross sectional drawing of the 
manual control valve 123, and Fig. 12 shows a cross sectional drawing along line [12- 
[12] of Fig. 11. 

[0108] The shaft portion 126 of the adjustment knob 125 goes through the interior of the 
casing 124 which communicates with the common tube 121a and the two branching tubes 
121b, 121c with two O-rings 127a, 127b between them. The knob portion 128 is attached 
to the upper end of the shaft portion 126 to form a single unit, and a disc spring 129 
which has an elastic force pressing upward is interposed between this knob portion 128 
and the upper surface of the casing 124. The nut 130 is threaded on the male screw 
portion 1 26a of the front end of the shaft portion 1 26, and a disc spring 13 1 , which has an 
elastic force pressing downward is interposed between this nut 130 and the lower surface 
of the casing 124. Therefore, the adjustment knob 125 is such that its position is held with 
respect to the casing 124 by means of the elastic forces of the two upper and lower disc 
springs 129, 131. 

[01 09] A partition plate 1 32 that protrudes toward the external diameter is attached to the 
shaft portion 1 26 in such a way that they form a single unit. The two branching tubes 
121b, 121c are separated by the partition plate 132 and a partition portion 133 that 
extends from the inner wall of the casing 124 toward the shaft portion 126. Also, when 
the knob portion 128 is rotated in opposition to the position holding force resulting from 
the elastic forces of the two upper and lower disc springs 129, 131, the shaft portion 126 
and the partition portion 132 are rotated in the direction of arrow B shown in Fig. 1 1 , and 
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the flow volume distribution of the 1 st reaction gas which flows to the branching tubes 
121b, 121c from the common tube 1 2 1 a is controlled. 

[01 10] In the present invention, there is an increase in the amount of gas introduction 
tubes compared to the prior art, and therefore the flow volume control means that are 
positioned in the respective introduction tubes also increase by that amount. Therefore, 
by using this type of manual control valve, it is possible to obtain a less expensive 
configuration than is the case when an expensive automatic control valve 8, such as that 
of the first embodiment, is used. 

[0111] The respective embodiments of the present invention were explained above, but 
the present invention is, of course, not limited to these, and various alterations are 
possible based on the technical concepts of the present invention. 
[0112] In the above embodiment, the wafers are in two rows in the transport direction, 
but they may also be in three rows or more. In addition, the number of independent flows 
of the reaction gases may also be formed according to the number of rows. However, 
when too many independent flows are formed, the number of introduction tubes and the 
flow volume control means increase by that amount, so the piping space becomes large, 
and costs increase. Or, the wafers may be such that there is a large aperture and there is 
one row, and in such a case as well, a film can be uniformly formed across the entire 
surface of the wafer by means of the present invention. 

[0113] In addition, in the manual control valve 123 of the second embodiment, which is 
shown in Fig. 12, one may secure the adjustment knob 125 to the casing 124 in the 
specified position by merely tightening the nut 130 without using upper and lower disc 
springs 129, 131, and when the adjustment knob 125 is rotated, the nut 130 may be 
loosened and rotated. 
[0114] 

Effects of the Invention Through Claim 1 of the present invention, it is possible to 
uniformly form a film without producing variations in the film thickness on the wafer 
with respect to the lengthwise direction of the gas injector, and an improvement of the 
yield can be obtained. 

[0115] Through Claim 2 of the present invention, it is possible to restrict the cost 
increases of the gas flow volume control valve which accompany an increase in the 
amount of piping of the gas introduction tubes. 

[0116] Through Claim 3 of the present invention, it is possible to uniformly form a film 
without generating differences in film thickness on the wafer with respect to the 
lengthwise direction of the gas injector, and an improvement of the yield can be 
obtained. 

[0117] Through Claim 4 of the present invention, it is possible to restrict the cost 
increases of the gas flow volume control valve which accompany an increase in the 
amount of piping of the gas input tubes. 

[0118] Through Claim 5 of the present invention, by adjusting the reaction gas exhaust 
speed after it has been blown onto the wafer, it is possible to more accurately control the 
film thickness. 
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Brief Explanation of the Drawings 

Fig. 1 Fig. 1 is a perspective view, which gives a partial cross section of the gas injector 

resulting from an embodiment of the present invention. 

Fig. 2 Fig. 2 is a top view of the same gas injector. 

Fig. 3 Fig. 3 is a bottom view of the same gas injector. 

Fig. 4 Fig. 4 is a cross sectional drawing along line [4]-[4] of Fig. 2. 

Fig. 5 Fig. 5 is a cross sectional drawing along line [5]-[5] in Fig. 4. 

Fig. 6 Fig. 6 is a cross sectional drawing along line [6]-[6] of Fig. 4. 

Fig. 7 Fig. 7 is a cross sectional drawing along line [7]-[7] of Fig. 4. 

Fig. 8 Fig. 8 is a cross sectional drawing along line [8]-[8] of Fig. 5. 

Fig. 9 Fig. 9 is a schematic drawing, which shows the connection relationship between 

the gas injector and the gas input tube which connects to it. 

Fig. 10 Fig. 10 is an external perspective view of the gas flow volume control means 
relating to the second embodiment of the present invention. 

Fig. 1 1 Fig. 1 1 shows a horizontal cross sectional drawing of the same gas flow volume 
control means. 

Fig. 12 Fig. 12 is a cross sectional drawing along line [12]-[12] of Fig. 11. 

Fig. 13 Fig. 13 is a top view of a conventional gas injector. 

Fig. 14 Fig. 14 is a cross sectional drawing along line [14]-[14] of Fig. 13. 

Fig. 15 Fig. 15 is a cross sectional drawing along line [15]-[15] of Fig. 14. 

Fig. 16 Fig. 16 is a schematic perspective view of a conventional film formation 

apparatus. 

Fig- 17 Fig. is a schematic drawing which shows the exhaust tube arranged in the vicinity 
of the gas injector. 
Explanation of Codes 

51... gas injector, 52... baseplate, 53... bottom plate, 54... center plate, 55... top plate, 
58... 1 st reaction gas introduction hole, 59... l sl reaction gas introduction hole, 60... 2 nd 
reaction gas introduction hole, 61 ... 2 nd reaction gas introduction hole, 62. . . inert gas 
introduction hole, 63 . . . 1 st gas conduit for 1 st reaction gas, 64. . . 1 st gas conduit for 1 st 
reaction gas, 66. . . 2 nd reaction gas conduit, 67. . . 2 nd reaction gas conduit, 68. . . 2 nd 
reaction gas plenum chamber, 70... 2 nd reaction gas plenum chamber, 72... partition, 
75... 1 st gas conduit for inert gas, 77... 2 nd gas conduit for 1 st reaction gas, 78... 2 nd gas 
conduit for 1 st reaction gas, 80. . . 2 nd reaction gas spray nozzle, 8 1 ... 2 nd reaction gas 
spray nozzle, 83 . . . partition, 84. . . 2 nd gas conduit for inert gas, 85 . . . inert gas plenum 
chamber, 92... 3 rd gas conduit for 1 st reaction gas, 93... 3 rd gas conduit for 1 st reaction 
gas, 94... 1 st reaction gas plenum chamber, 96... 1 st reaction gas plenum chamber, 98... 
partition, 100... inert gas spray nozzle, 105... 1 st reaction gas spray nozzle, 106... 
partition, and 107... 1 st reaction gas spray nozzle. 

Fig. 1 

58 1 st reaction gas introduction hole 

62 inert gas introduction hole 

61 2 nd reaction gas introduction hole 

Fie. 9 



MVS 

MosterWord Services 
Fig. 2 

Fig^ 
Fig. 5 
Fig. 17 
Fig. 4 
Fig. 6 
Fig. 7 
Fig. 12 
Fig. 8 
Fig. 10 
Fig. 15 
Fig. 1 1 
Fig. 13 
Fig. 14 
Fig. 16 



19 



6. 

[@6] B4KfeW&[6)-[6]tt#|fl^BB'C* 
&• 

IB7] B4fcfeW^7)-[7]^fr<PKffi@*C* 

[ b 8 ] m 5 «c aw & [8 ] - [8 yttm<vmmzs> 

[09] WfX4>V*9*t* CtoC»*3ft*#A 

[b i o ] *aw^2©«tfc<3i>ess«:»4#xaEfi*!i 
B^f^BWWa-c**. 
can] m^^^m^mmmrnvh^ 

[■12] Bl l*cfcW*[i 2]-[! 2]ft&A®BB 

[Bi4] mi 3tcfew*[i4]-[! *wfin<tMm 

[Bl 5] Hi 4ccfeW-S[l 5]-[l 5]«*|iS®KH 

[B i e j u*<ommm<omm)mx'hz>. 

[B17] ^-O^^^MBccBRSftfcffW* 



(11) 4*032002- 164336 

20 

*5l *iX4^i?*99. 52 ^-a7|/~K 

53 'Kf-A^u-K. 54 , 

5 5 I>*:f:fu-K 5 8 « 1 G>EJ&tf 

Jl. 5 9 W 1 €E>Gl6^«A?L. 6 0 35 2<DJ£ 

£tfX«A7L 6 1 S2<Wafc#*«AJL 6 2- 

- ^rgte^'^ 6 3 ^ 1 (OSf&ffxmW 1 # 

^ilKS, 6 4 » 1 <DRlt#X«!|I 1 *fX3BS. 6 6 

#2 4>5)&tfAJSaiS. 6 7 *24>(Elt:tfafli 

iiB. 6 8 ^2(DJS(t*'^7'U^A*^>,^ 7 

10 0 W20Rs£yyxH^b^^* + >.K, 7 2 

S. 7 5 *Stt#XflMI 1 tfAStt, 7 7 ^1 

<&5fc#xjg!fc 2 9B. 7 8 % 1 <PKJt#Ajg 

*2*tta». 80 mzvym&tfm&sxb, 8 

1 »20>££^**ffl,/X;k 8 3 BS. 8 4 

7iStt^ffiSr'2 //^iSJ, 8 5 Xft\±tfzm 

7bti»* + >;< % 9 2 KTl<DSffrtf;U§j93:tfx 

i!5S. 9 3 I|U <9^#AJflS3 tfXjlB. 94 - 

-W !OSl£^JB7Ui-A**>;<. 9 6 fRlG> 

(St^A^7l/tA*t>/'<, 98 Kg&, 100- 

20 -isgte^AflgitiyX'U. 105 »l<D®fc#xiS 

106 us. 107 aios&yx 



[Bl ] 



[B9] 



(12) 



1^2 0 02-164 33 6 




(13) 



1SH2002- 1 64336 




[06] 

64d «d 56 1W 63d 




1127] 




4*132002- 164336 



[H8] 




[015] 




CK> 



#832 0 0 2- 164 33 6 



[011] 





(16) 



#■2 0 0 2- 1 64 336 



[014] [gi 6] 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 
□.GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



